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Linkage between sexual orientation
and chromosome Xg28 in males but

not in females

Stella Hu!, Angela M. L. Pattatucci!, Chavis Patterson!, Lin Li!, David W. Fulker?,
Stacey S. Cherny?, Leonid Kruglyak® & Dean H. Hamer!

We have extended our analysis of the role of the long arm of the X chromosome (Xg28) in
sexual orientation by DNA linkage analyses of two newly ascertained series of families
that contained either two gay brothers or two lesbian sisters as well as heterosexual
siblings. Linkage between the Xq28 markers and sexual orientation was detected for the
gay male families but not for the lesbian families or for families that failed to meet defined
inclusion criteria for the study of sex-linked sexual orientation. Our results corroborate
the previously reported linkage between Xq28 and male homosexuality in selected
kinships and suggest that this region contains a locus that influences individual variations
in sexual orientation in men but not in women.

Most men are sexually attracted to females whereas
most women are sexually attracted to males. The
mechanisms underlying the development of this pro-
nounced dimorphism in heterosexual orientation are
largely unknown, but probably involve a complex
interaction between genetic, biological, experiential
and socio-cuitural factors. Equally unknown are the
origins of intragender variations in sexual orientation
such as homosexuality and bisexuality!~*,

Recent experiments have suggested that one variation
in sexual orientation, namely predominant or exclusive
homosexuality in males, is influenced by a genetic locus
on the long arm of the X chromosome”. The initial sug-
gestion of sex-linkage came from family pedigree stud-
ies which showed that homosexual men had more gay
male relatives through maternal than through paternal
lineages; control experiments showed that these gay
male probands reported approximately equal numbers
of female homosexual relatives on both sides of the fam-
ily, and that lesbian probands reported approximately
equal numbers of male homosexual relatives on both
sides of the family, indicating that the observed mater-
nal loading was not an artifact of differential knowledge
or reporting of maternal compared to paternal gay rela-
tives*®. The main evidence for sex-linkage came from
DNA linkage analysis of a selected series of families in
which there were two known gay brothers and a lack of
evidence for nonmaternal or non-sex-limited transmis-
sion of homosexuality. A significant excess of these
selected gay male sib-pairs were concordant for DNA
markers on chromosome Xq28, suggesting that this
region contains genetic information that increases the
probability of homosexual orientation®.

The current work had three objectives. First, to test
the hypothesis of a linkage between Xq28 and male
homosexuality in a new set of selected gay male sib-
pair families. This was especially important in view of
the poor reliability of some of the previously reported
DNA linkages to psychological traits”. Second, to study
the segregation of the Xq28 region in the heterosexual
brothers of homosexual male sib-pairs. This was done
to estimate the penetrance of the hypothesized Xq28
locus and to test for segregation distortion in this
region. Third, to determine whether Xq28 is correlated
with sexual orientation in women. There have been
relatively few studies on the role of inheritance in
female sexual orientation, and the question of whether
male and female homosexuality are aetiologically over-
lapping or distinct is unresolved®®-13. Our new results
support the presence of an Xq28 locus influencing
male, but not ferale, sexual predisposition.

Experimental design and families

Our protocol was designed to study male sexual orien-
tation in families with two gay brothers and female
sexual orientation in families with two lesbian sisters.
We chose this strategy, rather than analyzing families
with both male and female homosexuals, because it
would detect a sex-common locus even if male and
female homosexuality involved sex-specific alleles or
different environmental factors.

The basic criterion for entry in the study was the
presence of two same-sex, non-twin siblings with a
predominant or exclusive homosexual orientation as
judged by sexual history and the Kinsey scales?314-15,
For the male study, families in which there was direct
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Table 1 Allele sharing in sib-pairs

Locus

a, Malesf
XQ27
A...DXS548
B....FRAXA
A/B

Xq28
C...DXS52
D...G6PD
E...F8C
F...DXS81108
G...JXYQ28
C/D/E/F/G

Xa/Yq
H...DXYS154
b, Females?
Xq27
A...DXS548

B...FRAXA
A/B

Xq28
C...DXS52
F..DXS1108
C/F

Xa/Yq
H...DXYS154

Homosexual sibs Heterosexual sibs Combined

= .y
Tgg * SE2 tggb 7y + SE° tgsd tod

.499 + .079 ns
.553 = .086 ns

567 +.085 ns 273 +.141 ns ns
638 +£.077 1.78*

543 + .055 ns

624 + .070 1.77*

670 + .077 2.22*

574 + .077 ns

671 +.081 2.09* 219+ .115 2.44* 3.00™
534 +.087 ns 260+.134 ns ns
364 +.122 ns

655 + .099 ns

.614 = .100 ns 500+.189 ns ns
501 +£.100 ns

573 +.094 ns

584 + .093 ns 556 +.176 ns ns
492 + 095 ns 625+.183 ns ns

* P < 0.05 (one-sided t-test); ** P < 0.005 (one-sided t-test); ns P > 0.05 (one-sided t-
test); 2 ;'Frgg is the estimated proportion of genes shared by-descent (+ standard error of
the mean) for homosexual-homosexual sib-pairs; ° to is the t-score for a test of Trgg >
0.5; °71Egs is the estimated proportion of genes shared by-descent (+ standard error of
the mean) for a heterosexual sibling with his or her marker-concordant homosexual sib-

lings; 4 t4s is the t-score for a test of Trgs < 0.5; @, Is the t-score for a test of 71;99 > My

Y

T Male study: n = 33 homosexual-homosexugl sib-pairs, 12 homosexual-heterosexual
sib-pairs; 9 Female study: n = 36 homosexual-homosexual sib-pairs, 11 homosexual-
heterosexual sib-pairs.

evidence for nonmaternal transmission of homosexu-
ality (that is, families in which the father, son or pater-
nal half-brother of the proband was nonheterosexual)
were excluded because they would not be consistent
with the hypothesis of X-chromosome linkage. For the
female study this sort of selection was not feasible since
women receive X chromosomes from both parents.
Individuals who identified as bisexual, or who gave
ambiguous or contradictory sexual histories or inter-
view responses, were not included in the primary
analysis because of diagnostic uncertainty. Families in
which there were three or more nonheterosexual
same-sex siblings were also treated seperately to con-
form to the initial analysis and because of the compli-
cations in ascertaining and analyzing such kinships®.
(The numbers and reasons for the exclusions in the
male and female studies are described in Methods.)
The male study included 33 gay male sib-pair fami-
lies that were unrelated to one another and to the previ-
ously described study population’ and met the
entrance criteria. Eight of these families included het-
erosexual brothers from whom DNA samples and
interview or questionnaire results were available. In
addition, four heterosexual brothers of the previously
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reported gay male sib-pair families were used to analyse
the penetrance of the locus. The female study involved
36 lesbian sib-pair families that met the entrance crite-
ria, 15 of which included heterosexual sisters from
whom DNA and personal information was obtained.

DNA samples from family members, which included
mothers and other relatives whenever possible, were
typed for a series of markers spanning the distal long
arm of the X chromosome from the DX$548 locus in
Xq27 through the DXYS154 locus in the Xq/Yq homol-
ogy region at the telomere. The inheritance of the
Xq28 DNA markers was determined through identity-
by-descent (IBD) in 78% of the potentially informative
families and through identity-by-state (IBS)in the
remaining cases.

Male study: included families

Gay sib-pairs. Our first aim was to test for linkage
between Xq28 and homosexual orientation in a new
series of gay male sib-pairs. The test hypothesis was that
more than 50% of these predominantly or exclusively
homosexual brothers would share DNA markers in this
region. Of the 33 eligible sib-pairs, 32 were potentially
informative for the five closely spaced markers in Xq28
that were analysed. Twenty-two out of these 32 sib-
pairs shared all of their Xq28 markers. This gave an
estimated level of haplotype sharing, taking into
account the IBS cases, of 67% (Table la), which was
significantly greater than the null hypothesis of 50% (P
< 0.05 by one-sided t-test; P = 0.0384 by simulation test
on 1= 10,000 replicates). Multipoint maximum likeli-
hood analysis'® gave a similar estimate of 68% gene
sharing in the Xq28 region. Lower and non-significant
levels of allele sharing were observed for the markers in
Xq27 and the Xq/Yq homology region.

Heterosexual brothers. Our second goal was to
analyse the segregation of the Xq28 region in hetero-
sexual siblings. The test hypothesis was that less than
50% of the heterosexual brothers of Xq28-concordant
gay sib-pairs would share markers with their homosex-
ual siblings. The brothers of gay sib-pairs discordant
for Xq28 marker alleles were not included in this
analysis because they are intrinsically non-informative
with regard to penetrance or segregation distortion.
There were 11 families included in the analysis: seven
new families from the selected cohort described above
(Fig. 1, families M1-M?7) and four previously analysed
families for which DNA was available from a previously
unreported heterosexual brother.

Most of the heterosexual brothers had different
Xq28 markers from their homosexual siblings. In nine
families, the single heterosexual brother was genetical-
ly discordant with his gay brothers; in one family the
heterosexual brother was genetically concordant-by-
descent with his homosexual siblings; and in one fami-
ly, for which maternal DNA was not available, the two
heterosexual brothers were genetically concordant-by-
state with their concordant-by-state homosexual sib-
lings. These data gave an estimated level of Xq28
haplotype sharing of 22% (Table 1a), which was less
than the null hypothesis of 50% (P < 0.05 by one-sided
t-test; P= 0.02-0.07 by exact binomial test for 10/12 or
9/12 discordant pairs). Multipoint analysis'é gave a
similar estimate of 24% gene sharing in the Xq28
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Fig. 1 Selected male families. Shown are the DNA marker genotyping resulis for all new gay sib-pair families for
which DNA from a heterosexual brother was available (M1-M8) and a family with two potentially informative
recombination events (M9). B homosexual male; 1 heterosexual male; O heterosexual female. Only mothers,
genotyped sons and genotyped fathers are indicated. Haplotypes are those that minimize the number of
recombinants. Changes in the thickness of the haplotype bars indicate recombination events and dashed lines
indicate ambiguity in the breakpoint due to maternal marker homozygosity. The short bars represent the Xg/Yq
homology region of the Y chromosome. Families M1-M?7, in which the gay siblings share Xq28 marker alleles,
were included in the analysis of penetrance (Table 1a); family M8, in which the gay brothers are discordant for

the Xq28 markers, was not.
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5|9 ofls markers outside Xq28 were statisti-
: H 1H cally insignificant.
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. 1 1

N 1 Multipoint interval mapping. In an
E 3 )

attempt to refine the localization of
the putative X-linked male sexual
orientation related locus, we use a
modified sib-pair linkage analysis!”
which analyses all available markers
simultaneously using a regression-
based interval mapping proce-
dure!®? adapted for X linkage.
Furthermore, to explore the relation-
ship between the Kinsey subscales
and the putative quantitative trait
locus (QTL), we carried out the
analysis on the individual scales of
sexual self-identification, attraction,
fantasy, and activity, as well as on the
average Kinsey score and the categor-
ical measure of sexual orientation.
All possible pairs of sibs within a
family were used, and the sample size
was corrected for non-independence
among the pairs within a single fami-
Iy?l. Only the newly ascertained fami-
lies within the selected cohort were
included in the analysis.

The regression-based interval
mapping results are shown in Fig. 2
as a plot of t-values versus genetic
map position. All four Kinsey sub-
scales, their average, and the cate-
gorical ~measure of  sexual
orientation yielded qualitatively
similar conclusions, with the maxi-
mum linkage occurring coincident
with the DXS52 locus (t,, =2.93
for average Kinsey scale rating; P <
0.005 by one-sided t-test; P < 0.02
after conservative Bonferroni cor-
rection for independent markers?).
Analysis of the data by an alterna-
tive multipoint maximum likeli-
hood procedure!$ gave precisely the
same peak position and similar sig-
nificance levels (t, =295 for
average Kinsey scale rating; see
Methods). Interestingly, the quanti-
tative Kinsey scales generated
slightly higher test statistics than
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region for these sib pairs. The data for the Xq27 region
and for the Xq/Yq marker were not significant.

The overall evidence for a linkage between male sex-
ual orientation and Xq28 was evaluated by examining
the difference between the proportion of alleles shared
for the homosexual-homosexual and homosexual-
heterosexual sib-pairs. The homosexual-homosexual
pairs were more likely to have the same Xq28 marker
alleles than were the homosexual-heterosexual pairs
(Table 14; P < 0.005 by one-sided t-tests of haplotype
data and of multipoint regression data; P= 0.0175 by a
conservative estimate using Fisher’s method for com-
bining independent P values). Again, the data for

the qualitative data. Simulation
experiments using the multipoint maximum likeli-
hood approach gave significance levels of P=0.009 (n
=1,005) for average Kinsey score, P=0.0124 (n=
1,777) for the sexual attraction scale, and P=0.037 (n
= 4,763) for sexual orientation as a dichotomous trait.
Although these results indicate that the most likely
position of the sexual orientation QTL is close to
DXS52, the sample size is too small to exclude statisti-
cally the remainder of the mapped region.

X-specific and X/Y homologous sequences

The telomeric 320 kilobases (kb) of the long arms of
the X and Y chromosomes are homologous to one
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tion of the crossover was estimated

t-value

from the flanking marker data!®; for
example, the two homosexual sons
in families M4 and M9 have a>
90% chance of sharing DXS52
(which was non-informative in
these families) because they are
identical-by-descent for F8C (locat-
ed 1.3 ¢cM towards the telomere)
even though they are discordant for
FRAXA (located 13.5 cM towards
the centromere).

Male study: excluded families

There were seven families with gay
or bisexual/ambiguous brothers
that failed to meet the entrance cri-
teria and were therefore excluded
from the main study prior to initi-
ating genotype analysis. These
excluded families were genotyped

1?\
AB

Male: Average Kinsey score

Male: Included and excluded,
average Kinsey score

Male: Sexual behaviour -
Male: Sexual attraction -
Male: Sexual fantasy -
Male: Self-identification -
Male: Sexual orientation -

Female: Average Kinsey score
Female: Sexual behaviour
Female: Sexual attraction

Female: Sexual fantasy
Female: Self-identification
Female: Sexual orientation

..... els: A) that individuals who identi-

as part of other ongoing studies,
and the data is shown for purposes

haplotype sharing for these families
was assessed according to two mod-

0.04 0.08 0.12 0.4
Position (Morgans} :
/\\ \ i\ \ of comparison. The extent of Xq28
ch E F G H

fied as bisexual or who gave
ambiguous or inconsistent sexual
histories or interview responses
were in fact homosexual; and B)
that such individuals were in fact

Fig. 2 Multipoint interval mapping of the Kinsey scales of sexual orientation in males and females. The letters indi-
cate the positions of the marker loci listed in Table 1. This analysis includes all possible sib-pairs from the newly

heterosexual. Table 2 shows that the

ascertained gay male families that were included in the main study (‘Male’, n = 52 pairs), these families plus the levels of Xq28 haplotype sharing
gay male families that were excluded from the main study (‘Male: Included and Excluded, Average Kinsey Score’, were not significantly greater or less

n = 74 pairs), and the 36 lesbian families that were included in the main study (‘Female’, n = 78 pairs).

than 50% for either the homosexu-

another and can undergo sequence exchanges in both
male and female meioses®2%, Inspection of the DNA
marker pedigrees revealed just two potentially infor-
mative maternal recombination events between the X-
specific and Xq/Yq-homologous markers in our
current set of gay male sib-pair families (Fig. 1). In
family M9, the two homosexual siblings were geneti-
cally discordant at DXYS154 but were concordant-by-
descent at the Xq28 loci including JXYQ28, a newly
available marker that precisely demarcates the bound-
ary between the X-specific and Xq/Xq homologous
sequences. In family M3, a heterosexual brother inher-
ited the same DXYS154 marker as his homosexual sib-
lings but had a different allele at the X-specific locus
DXS52. Both of these families are consistent with the
multipoint mapping of the sexual orientation related
locus to the X-specific portion of Xq28.

No unequivocal recombinants between markers
within the X-specific portion of Xq28 were observed.
There were multiple recombinants between the Xq28
and Xq27 regions, which are separated by 13.5 cM in
our map; most of these were consistent with the sexual
orientation locus lying in Xq28 (such .as family M2),
but there were also some families consistent with an
Xq27 localization, presumably due to heterogeneity
(such as family M8). In families in which the precise
position of a recombination event was unclear due to
maternal marker homozygosity, the most likely posi-

nature genetics volume 11 november 1995

al-homosexual or homosexual-het-
erosexual pairs as defined by either model, and
therefore this small dataset could neither confirm nor
refute linkage under either of the test hypotheses.
When the included and excluded groups were com-
bined to give a total sample, statistical significance in
favour of linkage was retained (P < 0.05), but the level
of homosexual-homosexual gene sharing was
decreased and the level of homosexual-heterosexual
gene sharing was increased in comparison to the
selected cohort.

The data for the excluded families was also analysed
by QTL multipoint mapping, which treats sexual ori-
entation as a continuous rather than dimorphic trait.
The excluded pairs gave no evidence for linkage to any
region of the map (not shown). Fig. 2 shows that when
the excluded families were added to the main sample,
the shape and peak position for the multipoint curve
remained unaltered. However, the statistical evidence
for linkage decreased from t_, =2.93 (P=0.003) to
t .. =220 (P=0.016).

Female study

To determine whether female sexual orientation is cor-
related with Xq28, we performed similar DNA linkage
studies on a series of 36 lesbian sib-pair families. There
was no significant evidence for excess sharing of any of
the markers tested in the lesbian sib-pairs (Table 1b).
Furthermore, the heterosexual sisters of Xq28-concor-
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Table 2 Xg28 haplotype sharing in included and excluded male sib-pairs

Homosexual sibs Heterosexual sibs Total

x x ; ;
Group?  Model® N ° m xSEY  t 2 N, 7, xSE " Nyt tot
Included AB 32 671 +.081 209 12 219+ 115 2.44* 44 3.00"
Excluded A 10 491 + .164 ns 4 500 = .289 ns 14 ns
Excluded B 7 .566 = .200 ns 6 333 £ .211 ns 13 ns
Total A 42 628+ .073 1.75* 16  .289+.112 1.89* 58 2.47*
Total B 39 652 +.075 2.03* 18 257 +.101 2.40* 57 3.03"

* P < 0.05 {one-sided t-test), ™ P < 0.005 (one-sided t-test); ns P > 0.05 (one-sided t-test); @Families were
included or excluded from the male sib-pair study prior to genotype analysis; Pln model A, individuals who
identified as bisexual or who gave ambiguous or inconsistent sexual histories or interview responses were
counted as homosexual. In model B, such individuals were counted as heterosexual; °N |s the number of
homosexual-homosexual sib-pairs; 9 1tgg is the estimated proportion of Xq28 haplotypes shared by- descent
(+ standard error of the mean) for homosexual-homosexual sib-pairs; °t |s the t-score for a test of ngg
0.5; N o IS the number of heterosexual-homosexual sib-pairs for famlhes in which the homosexual siblings
were Xq28 -concordant; 91tgs is the estimated proportion of Xq28 haplotypes shared by-descent (+ standard
error of the mean) for a heterosexual sibling with his Xg28-concordant homosexual siblings; ht is the t-
score for a test of Tcgs < 0.5; "Ny, is the total number of sib-pairs. it,., is the t-score for a test of Mg > n

to share on average 50% of their
maternally inherited Xq28 DNA
markers. By contrast, if Xq28 was
involved in sexual orientation, the
sharing of maternally inherited
marker alleles would be expected to
be greater than 50% for homosexu-
al-homosexual sib-pairs and less
than 50% for homosexual-hetero-
sexual sib-pairs. By analysing sepa-
rate groups of male-male and
female—female sib-pairs, it was pos-
sible to compare the role of Xq28 in
both male and female sexual orien-
tation. The use of homosexual-het-
erosexual pairs provided a control
for segregation distortion at the
Xq28 region and an independent
test for linkage.

Our data, summarized in Fig. 3,

252

dant sib-pairs had an apparently random possibility of
inheriting the same or different markers as their lesbian
sisters. Thus the combined data for the homosexual
and heterosexual sisters was not significant for any of
the X-chromosome markers or haplotypes examined.

The female subjects displayed more variability and
less congruity in their Kinsey self-ratings than did the
male subjects. Therefore the female data were further
analysed by multipoint interval mapping of the Kinsey
scales for sexual self-identification, attraction, fantasy,
and behaviour, as well as average Kinsey score and the
categorical trait of sexual orientation. Fig. 2 shows that
none of these variables was significantly correlated to
any region of the X chromosome that was examined.

The above analyses focused on the 36 lesbian sib-
pair families that met the entrance criteria for the
study. The 17 families that were excluded from the
study also showed no significant linkage to Xq28.
Combining the included and excluded families did not
change this result.

Discussion

Sexual orientation is a complex characteristic that is
influenced by many different factors. The multifactorial
or heterogeneous nature of sexual orientation is clear
from the observation that although the identical twin
of a gay man or lesbian has an above average probabili-
ty of being homosexual, he or she still has a 50% or
more chance of identifying as heterosexual?. Therefore
it is highly unlikely that any single genetic variation or
allele will be present in all homosexual individuals or
absent from all heterosexual individuals. Rather, our
research focuses on the identification of loci that play a
quantitative role in individual variations in sexual ori-
entation.

The aim of this study was to test whether one partic-
ular locus, located at Xq28, plays such a quantitative
role, and if so whether its effect is the same or different
in men and women. Our study examines male-male
and female—female homosexual sibling pairs and their
heterosexual siblings. If Xq28 had no effect on sexual
orientation, both the homosexual-homosexual and
homosexual-heterosexual sib-pairs would be expected

show a pattern of gene sharing that

is consistent with a genetic influ-
ence of Xq28 in males but not in females. For males,
the estimated probability of gene sharing for the X-
specific sequences between JXYQ and DXS52 was 0.67,
which was greater than the null hypothesis of 0.5 at a
nominal significance level of P= 0.02-0.04. Because
this experiment represents a single test of a previously
stated hypothesis on a new set of families, it is not nec-
essary to make any correction for multiple compar-
isons or non-independence and therefore represents a
significant finding at the usual criterion of o < 0.05.
Furthermore, our results are not significantly different
than those reported earlier for a different set of select-
ed gay male sib-pairs’. These results suggest, in agree-

100

MALES FEMALES

756

25

% Xq28 gene sharing + SE

Fig. 3 Summary of gene sharing in male compared to female sib-
pairs. The average levels of Xq28 gene sharing (7151 standard error
of the mean) are shown for sib-pairs in which both members are
homosexual and for sib-pairs in which one member is heterosexu-
al and one member is homosexual and has the same Xq28 mark-
ers as his or her homosexual sibling. For males, n=33
homosexual-homosexual sib-pairs, 12 homosexual-heterosexual
sib-pairs; for females, n = 36 homosexuai-homosexual sib-pairs,
11 homosexual-heterosexual sib-pairs.
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ment with theoretical calculations and practical expe-
rience, that the shared-trait sib-pair method is an
appropriate approach for the initial analysis of com-
plex traits?4-2,

Our previous research focused exclusively on homo-
sexual brothers because the shared-trait sib-pair
method is statistically and epidemiologically robust for
detecting linkages to complex traits?%. This design does
not, however, yield any information about the pene-
trance of the locus, nor does it formally distinguish
between linkage and segregation distortion (meiotic
drive). Accordingly, we extended our analysis to
include the heterosexual brothers of gay male sib-pairs.
The estimated probability of a heterosexual brother
sharing Xq28 markers with his marker-concordant gay
brothers was 0.22, which was less than the null hypoth-
esis of 0.5 (P = 0.02-0.07). Although the sample size
was small, this suggests that the Xq28 locus is measur-
ably penetrant, and provides independent support for
a linkage between male sexual orientation and Xq28 at
an overall combined significance level of P=0.002-
0.02. Furthermore, these data clearly exclude the possi-
bility that the observed linkage between Xq28 and
male sexual orientation is an artifact due to segrega-
tion distortion; if that were true, we would have found
more than 50% marker sharing, the exact opposite of
the experimental data.

Multipoint interval mapping suggested that the
locus related to male sexual orientation lies in the X-
specific portion of Xq28, rather than in the telomeric
Xq/Yq homology region, and two families with recom-
bination events consistent with this localization were
found. By contrast, the previously described families
did not contain any unequivocal Xq28 recombinants
and were therefore ambiguous with regard to map
position within the Xq/Yq—Xq28 region®. Simulations
indicate that the multipoint regression and maximum
likelihood procedures are unbiased in locating a
QTL'620,  Furthermore, unlike  conventional
model-dependent multipoint lod score methods, they
do not require deliberate misspecification of model
parameters to avoid inflating the distance between
marker and QTL by confounding recombination with
heterogeneity and phenocopies. However, we recog-
nize that the genetic mapping of quantitative traits is
complicated by the fact that no single recombination
event can be interpreted with certainty, and that a
much larger dataset would be required to confirm sta-
tistically and refine this location?’ 28,

It is important to recognize that the interpretation of
the male linkage results is limited by the highly selective
nature of the families studied. Specificaily, we analysed
only families that were chosen to exhibit a defined level
of genetic loading (the presence of two homosexual sib-
lings), the absence of non-sex-linked inheritance
(exclusion of families with nonmaternal transmission),
and predominant or exclusive homosexuality (exclu-
sion of bisexuals and individuals whose sexual orienta-
tion was uncertain). Similarly, heterosexual brothers
were analysed only in a limited set of families in which
there was a presumption for genetic loading (presence
of two Xq28-concordant gay siblings). Therefore, our
results cannot be extrapolated to individuals who do
not meet our inclusion criteria or to different or more
extended family configurations, nor can they be used as
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a measure of the overall penetrance of the locus.

Even within the selected population that was stud-
ied, the Xq28 region was neither necessary nor suffi-
cient for a homosexual orientation. Within the
population at large, its influence is undoubtedly less.
Indeed, there was no significant evidence for Xq28
linkage among families that failed to meet the study
entrance criteria, and adding these families to the main
series decreased the level of homosexual-homosexual
gene sharing and increased the level of homosexual—-
heterosexual gene sharing. Therefore, in order for
other investigators to confirm our findings, it will be
essential to use the same inclusion and exclusion crite-
ria and to collect detailed and complete family sexual
histories and personal information. Although linkage
analyses of unselected homosexual populations may be
useful for other purposes, such as the search for auto-
somal loci that influence sexual orientation, they are
not suitable for appraising the current findings which
were based on the use of a selected study population.
Using appropriately selected families improves the
accuracy and sensitivity of linkage analysis by decreas-
ing type II error without introducing type I error, and
is a well established experimental design in human
genetics, especially for sex-linked traits.

Female findings. The results for females were notably
different than for males (Fig. 3). Analysis of 36 families
in which there were two lesbian sisters revealed no sig-
nificant linkages between Xq28 DNA markers and
homosexual orientation. Furthermore, even in those
families in which the lesbian siblings were concordant
for Xq28 markers, their heterosexual sisters had only a
random probability of sharing alleles. Multipoint inter-
val mapping also failed to reveal any correlations
between Xq28 markers and the quantitative variables of
sexual self-identification, attraction, fantasy and behav-
iour or the binary variable of sexual orientation. There-
fore it appears that the Xq28 locus does not have a
major role in individual variations in female sexual ori-
entation. However, we cannot rule out the possibility of
a minor contribution because the sample size was limit-
ed and because the sib-pair design does not allow testing
of father-to-daughter X-linked transmission. Analysis of
a larger number and variety of pedigree structures
would be useful to resolve this issue and to search for
other loci that may correlate with female sexuality.

The simplest explanation of our results is that a locus
at Xq28 influences sexual orientation in men but not in
women. The fact that most of the sisters of the gay male
sib-pairs were heterosexual, regardless of their Xq28 sta-
tus, supports this interpretation (unpublished results).
An alternative model is that the putative Xq28 locus acts
in both genders but is recessive in females. Arguing
against this idea is the observation that most of the
fathers of the lesbian subjects were heterosexual; if a
recessive locus were responsible for homosexuality in
both sexes, a substantial fraction of the fathers should
have been gay. Another possible explanation of the data
is that we selected against a sex-shared locus by studying
only same-sex sib-pairs. However, preliminary analysis
of families with homosexual brother-sister pairs does
not support this model (unpublished results).

The finding of a linkage to Xq28 in gay men but not
in lesbians suggests that the mechanisms undetlying
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Table 3 Marker genotypes for male sib-pair families
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bisexual or ambiguous,

female); SO, sexual orientation (0=

male, 2=

heterosexual, 2=homosexual); marker data (see Table 1 for list of abbreviations).

E2-1 is bisexual; E3, father E3-0 is homosexual; E4, father E4-0 is non-heterosexual; E5, paternal half-brother is homosexual; E6, third sib E6-3 is homosexual; E7,

The genotype data for the 8 Xq markers are shown in LINKAGE pre-pedigree file format. Only genotyped individuals are shown. Families M1 through 2431 are the 33
newly ascertained families. The DNA marker pedigrees for families M1 through M9 are shown in Fig. 1. Families P1 through P4 are 4 previously described tamilies
for which new information on a heterosexual brother (individual 3 in each pedigree) is reported. Families E1 through E7 are newly ascertained families that were
excluded from the main analysis prior to genotyping for the following reasons: E1, sib E1-2 is bisexual (and E1 is heterozygous for JXYQ and DXS1108); E2, sib

third sib E7-3 is ambiguous. The variables are as follows: FAMILY, family identification number (disguised to protect confidentiality); IND, individual identification

number; DAD, father's identification number; MOM, mother’s identification number; SEX (1

1
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male and female sexual orientation are at least partially
distinct. Family studies have generally shown that gay
men have more gay brothers than lesbian sisters and
that lesbians have more lesbian sisters than gay brothers,
indicating some degree of aetiological independence
between male and female sexual orientation®810-13,
Moreover, it is well known that primary sexual develop-
ment and differentiation involve different gene prod-
ucts in males than in females®?®. Our working
hypothesis is that male and female sexuality develop
along largely independent pathways whereas heterosex-
uality and homosexuality involve minor variations in
gender-specific mechanisms. The development of male
homosexuality and heterosexuality appear to involve
genetic factors including a locus at Xq28. Whether indi-
vidual variations in female sexual orientation are influ-
enced by genes remains to be seen.

Methods

Subjects. Families in which there were two non-twin homosex-
ual siblings of the same sex were recruited by advertising in gay
and lesbian newspapers, homophile organizations and local
clinics. Parents, heterosexual siblings and other family mem-
bers were encouraged to volunteer. The participants were pre-
dominantly white, college educated, and of middle to upper
socioeconomic status. The average ages for the siblings were
34.0 £ 7.6 years (mean * standard deviation) in the male study
and 35.3 + 7.6 years in the female study.

Following informed consent, sexual orientation was assessed
through a structured interview or questionnaire that included a
sexual history and the Kinsey scales of sexual attraction, fantasy,
behaviour and self-identification*>14-15, Subjects were classified
as homosexual if they had a predominant or exclusive sexual ori-
entation toward members of the same gender as self-reported
during their personal interview or on a questionnaire. Individu-
als were classified as heterosexual if they had a predominant or
exclusive orientation towards members of the opposite gender as
determined by interview, questionnaire, or in one case by sibling
reports. Individuals who identified as bisexual, defined as rough-
ly equal sexual orientation to both genders, or who gave ambigu-
ous sexual histories or contradictory interview responses, were
excluded from the primary analysis. Average Kinsey scores for
the included population of subjects were 5.73 + 0.35 (mean *
standard deviation) for homosexual males, 0.11 £ 0.25 for het-
erosexual males, 5.41 + 0.53 for homosexual females, and 0.20
0.48 for heterosexual females.

Out of the 40 families interviewed for the male study, 33 were
included in the primary linkage analysis. Reasons for the 7 exclu-
sions were as follows: one brother was bisexual or ambiguous
rather than homosexual (2 exclusions); there were more than two
nonheterosexual brothers (2 exclusions); the father was not exclu-
sively heterosexual (2 exclusions); or there was a homosexual
paternal half-brother (1 exclusion). Entrance criteria were set,
pedigrees collected, and individual inclusion and exclusion deci-
sions made for each of these families prior to genotype analysis.
Families in which the son of a gay sibling is nonheterosexual, or in
which there are 2 or more lesbian relatives, would also have been
excluded from our analysis of X-linked male sexual orientation,
but were not encountered in the present study population. The 33
new families that were included in the main male study consisted
of 113 individuals for whom genotypes were determined: 66 gay
brothers, 9 heterosexual brothers, 9 sisters, 16 mothers and 13
fathers. In addition, 4 previously described families with Xq28-
concordant gay brothers and a heterosexual brother from whom
DNA was available were included in determining the penetrance
and overall significance of allele sharing (71%5, tey andt,, in Ta_k@_le
1a), but not in calculating homosexual sib-pair allele sharing (%
and t__ in Table 1a) or the multipoint analysis (Fig. 2). The 7 fami-
lies that were excluded from the main study consisted of 24 indi-
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viduals for whom genotypes were determined: 13 gay brothers, 4
heterosexual brothers, 2 bisexual brothers, 1 ambiguous brother, 1
sister, 2 mothers and 1 father. The proband for one of these fami-
lies, which had been excluded because his brother was bisexual,
turned out to be heterozygous for two Xq28 markers; this family
was not included in Table 2 or Fig. 2.

Out of the 53 families interviewed for the female study, 36 were
included in the linkage analysis. Reasons for exclusion were as fol-
lows: one sister was bisexual or ambiguous rather than homosexu-
al (9 exclusions); there were more than 2 nonheterosexual sisters
(5 exclusions); the lesbian sisters were twins (2 exclusions); or
there were 2 gay male relatives (1 exclusion). The 36 families that
were included in the female study consisted of 142 individuals for
whom genotypes were determined: 72 lesbian sisters, 19 hetero-
sexual sisters, 4 brothers, 15 fathers and 32 mothers.

Genotyping. DNA was extracted from peripheral blood by a
commercial service (Genetic Design, Greensboro, NC). Sam-
ples were genotyped using the following markers and the PCR
reaction and analysis conditions described previously>:
DXYS154 (n=number of alleles =8, het = heterozygosity =
0.81); DXSI1108 {n=6, het=0.75); F8C (n=2, het=0.41};
G6PD (n =2, het =0.20); DXS52 (n =12, het = 0.78); FRAX-
AC2 (n = 8, het = 0.73); and DXS548 (n = 4, het = 0.42).

JXYQ28, a newly available marker that was not included in
our previous analysis®, is based on a 64-bp insertion/deletion
polymorphism in the Xq28 X-specific sequences immediately
adjacent to the boundary with the Xq/Yq homology region?2.
This polymorphism was detected with the following primers:
LLX1: 5'-CAAAATGTGGCATATACAC-3"; LLHOM1: 5-TAA-
TGCTAGATGACACA-3'. 30 cycles of amplification were car-
ried out at 94 °C for 1 min, 92 °C for 1 min, 50 °C for 1 min,
and 75 °C for 0.5 min. The products were analysed by 3.5%
MetaPhor agarose gel electrophoresis to separate the long allele
(239 bp) from the short allele (175 bp). The observed heterozy-
gosity for JXYQ28 was 0.34. The marker data for the genotyped
individuals from both the included and excluded families in
the male study are shown in Table 3.

Data analysis. Marker allele sharing was analysed by the
method of Haseman and Elston!7?! appropriately modified for
X-linkage. The proportion of maternally derived X-linked
marker alleles that a sib-pair shares by-descent, # was estimat-
ed as follows. If the sibs have different maternal alleles, = 0; if
the sibs have the same maternal allele and the mother is het-
erozygous, = 1; if the sibs have the same maternal allele and
the heterozygosity of the mother is unknown, = 1/(1+f),
where { is the frequency of the allele in the population under
study; if four sibs have the same maternal allele and the het-
erozygosity of the mother is unknown, = (1+36)/(1+76); if
the mother is homozygous, 7t is unknown and the pair is not
included in the analysis.

Two different multipoint interval mapping approaches were
used. The Fulker et al. method®® simultaneously considers
markers and their information content to impute the propor-
tion of aileles shared by-descent by a sib-pair (ﬁq) for any posi-
tion on the chromosome by a linear regression equation. The
Kruglyak and Lander'6 approach computes #t_values by a mul-
tipoint likelihood approach that uses a new algorithm®. In
both methods, squared sib-pair trait differences are then
regressed on each value of %_ along the map to determine the
associated t-value by the method of Haseman and Elston!”2!,
Linkage is indicated by negative regression curves and t-scores.
Because the two methods gave very similar results, the Fulker et
al. analyses are shown in Fig. 2 whereas the Kruglyak and Lan-
der analyses are described in the text. Map distances were taken
from Wang et al.!

Significance levels were initially estimated by one-sided t-
testing. Because this is an asymptotic test that is most accurate
for large sample sizes and normally distributed data, empirical
P values for the critical data were determined by simulation
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experiments. One thousand to 10,000 replicates were generated
by taking the exact family structures, genetic map and loci, fix-
ing the phenotypes at their observed values, and randomly
assigning parental genotypes according to the marker allele fre-
quencies. Then parental alleles were chosen at random for
transmission to each offspring at a locus at one end of the map
and recombination fractions were used to assign the same or
different alleles to the other loci. The multipoint maximum
likelihood t-score for each replicate was calculated and P values
were computed from the number of replicates that equalled or
exceeded the experimentally observed t-value. Other statistical
methods have been described®2.
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